Introduction
Vertebral hemangiomas (VH) are benign lesions arising from vascular tissue in the vertebral body bone. Enneking classification has been used for the classification of benign and malignant tumors of the musculoskeletal system for over 25 years. In Enneking classification, benign tumors are indicated with arabic numbers according to the nature of tumor and its histopathological grade. Benign tumors are classified as 1 inactive (latent), 2 active and 3 aggressive [1] . Based on the patients' lesions and symptoms, type 3 aggressive VH are those that present neurological deficit with epidural and/or soft tissue extension.
Treatment for VHs should be based entirely on patients' symptoms, because VH lesions may be benign in nature and rarely progress rapidly [2] . In type 3, aggressive VH, reported treatments include radiotherapy, kyphoplasty, direct alcohol injection, embolization of the feeding arteries, surgery, or a combination of these modalities [3] . Surgery is indicated in cases with rapid progressive and/or severe myelopathy. Correspondly, a laminectomy could be combined with intraoperative vertebroplasty or alcohol injection, which may shrink the hemangiomas and lead to intralesional thrombosis [4] . Spondylectomy is only indicated for ventrally located lesions with bony compression [5] .
Although radiation therapy is the most common treatment for lesions that cause pain, its use as a sole therapy for patients with progressive neurological deficits is controversial. Most authors have favored surgical decompression, with radiotherapy often used as an adjuvant [6] , although neurologic improvement may be possible with radiotherapy and steroid treatment alone, with a clinical and radiological improvement that may take several months to occur [7] .
Also stereotactic body radiotherapy, in single-session or multisession, has been proposed for the treatment of benign spinal tumors as a more accurate way of dellivering radiation therapy with acceptable local control. The main advantages are better sparing of the spinal cord and the possibility of increasing the dose to the tumor target volume [8, 9] .
The risk of vertebral collapse after radiation therapy often requires the combination with percutaneous kyphoplasty and vertebroplasty leading to a better stabilization of the spine. Intraoperative radiotherapy (IORT) effectively combines the characteristics of surgery and radiotherapy, providing a more beneficial method for local tumor control. The development of micro X-ray emitters has led to the creation of a lightweight mobile unit suitable for micro-invasive puncture IORT. Instability is another factor of spine lesions. The INTRABEAM Ò system delivers 50 kV X-rays with a sharp decline in radiation dose beyond the radiation range, which provides a higher dose to the tumor [10] .
Material and methods
A 56-year-old caucasian male with no relevant past or family history presented with a two-years history of walking instability and dysthermia in his anterior face of the thigh though without thoracic pain associated. In the last month before diagnosis, the patient referred to experiencing a loss of walking ability due to a severe reduction in deep positional sensitivity. At the moment of the physical examination, the patient did not present secondary pain with thoracic spine palpation, the motility was almost preserved (4+/5 global in lower limbs) and there was a slight sensitivity reduction in lower limbs as well as a patellar hyperreflexia.
Computed tomography described a ''polka dot" appearance with high contrast uptaking, commonly associated with vertebral hemangioma. MR study revealed a T5 vertebral hemangioma as a T2 and STIR hyperintense, T1 hypointense, enhancing and expansile bony lesion, with an anterior epidural mass, near the posterior wall, with 50% spinal canal invasion, associated with a right paravertebral soft tissue mass.
Results
After an unsuccessful embolization attempt, the patient was operated on the 3rd of April 2014. The kyphoplasty itself was performed according to the standard procedure with some modifications. Using a trans-pedicular access, specially designed metallic sleeves (5 mm diameter, 6 cm length) were inserted to guide the electron drift tube (3.2 mm diameter) of the miniature X-ray generator (INTRABEAM, Carl Zeiss Surgical, Oberköchen, Germany) (Fig. 1) . After verification of the position of the guiding sleeves using biplanar X-ray, the INTRABEAM system was inserted with a novel sheet (diameter 4.2 mm) designed for this approach protecting the drift tube, into the vertebral body. Special care was taken to avoid sheer and bending stress on the drift tube and the sheet. A radiation dose of 8 Gy in 10 mm distance was delivered (Fig. 2) . IORT took approximately two minutes. After IORT the INTRA-BEAM Ò device was removed, the cement was injected through both pedicles. A balloon was not needed during this procedure because there was no height loss in the affected vertebra. There were no immediate complications after procedure. The day after the procedure, all neurological symptoms disappeared, and the patient had recovered his walking ability completely, without pain association. There was no visible radiation induced skin reaction.
CT and MRI post-operative studies described no morphological or cement-associated complications. After a follow-up of 30 months, the patient remained asymptomatic without treatment related complications. Follow-up image studies show a normal morphology of treated vertebra with a reduction in the epidural anterior mass (Fig. 3) .
Discussion
Hemangiomas are benign slow growing vascular tumors composed of newly formed capillary, cavernous or venous blood vessels. Among skeletal locations, vertebrae are the second commonest site and thoracic spine is affected most frequently. Symptomatic hemangiomas of the vertebral bodies associated with neurologic manifestations are usually located in the mid thoracic region, where diameter of the spinal canal is also small. Cord compression is more likely to occur with lesions that extend into the pedicles and laminae of thoracic vertebra where cord occupies most of the volume of the spinal canal [11] . In the present case, the thoracic 5th vertebral body was affected. Neurologic complications dominated the clinical picture with compression of the spinal cord. Historically, surgery was the treatment of choice in symptomatic vertebral hemangiomas. The aim was spinal cord decompression and sometimes only partial removal of the tumor. The operation of laminectomy to relieve cord compression may be hazardous in vertebral hemangiomas. Due to high vascularisation of haemangiomas, copious bleeding may complicate surgery, and can even be life-threatening [12] . Arterial embolization has been reported to reduce intraoperative bleeding and to reverse neurological deficits in some cases. In cases with progressive neurological deficits, arterial embolization is mainly performed preoperatively, to reduce intraoperative bleeding [6] .
Since the effectiveness of radiation therapy in the treatment of VHs had been first described by the 1930's, many series have been reported with symptomatic improvements ranging from 60 to almost 90% of the patients [13] . When considering the degree of complication and the possible risk of severe complications of the different therapeutic modalities used in VHs, radiotherapy seems to be the easiest and most efficacious treatment modality. Radiation therapy has been delivered most commonly using fractionated schedules [14] . There is a dose-effect relationship for the treatment of symptomatic vertebral hemangiomas and it has been recommended a total dose of 40 Gy of external beam radiation therapy over 4 weeks [2, 11] . With the development of intensitymodulated radiation therapy, it may be possible to safely deliver higher doses of radiation while avoiding complications [13] .
The spine is the most common site of bone metastases. Incidence of spinal metastasis is approximately 30% in patients with cancer at their time of death. About 5% of cancer patients are estimated to develop neurological deficits as a result of spinal metastases. Effective treatment is required to control both spinal metastases and its associated neurological symptoms. Kyphoplasty is a common treatment method used to stabilize the vertebral body, thus avoiding pathological fractures and controlling pain [15, 16] . Kyphoplasty has no direct anticancer effect and external beam radiotherapy is usually added to avoid early recurrences [17] .
Decompressive surgery has been combined with intraoperative radiotherapy (IORT) with electrons for the treatment of spinal metastasis since 1992, with excellent results, in terms of neurological recovery and local control. Using an electron cone with spinal cord lead shielding, doses delivered ranged from 15 to 25 Gy [18, 19] .
However, the interest in IORT has increased considerably with the development of novel miniature X-ray generators, with a new needle applicator, designed combining a stainless steel tube to protect the radiation source and a plastic tip that minimizes the absorption of the radiation. The intraoperative treatment during kyphoplasty allows the combination of surgical stabilization for pain relief and radiotherapy for tumor cell sterilization, increasing life expectancy with one minimally invasive treatment, with excellent reported results [20] [21] [22] [23] [24] .
Vascular injury has long been known to be the most common effect when exposing normal tissues to radiation. Single dose radiation therapy provides remarkably high rates of control, even for tumors resistant to fractionated radiotherapy due to a gradual loss of tumor endothelial cells after irradiation. Overall tumor control depends on acute acid sphingomyelinase-mediated endothelial cell injury [25] . Recently, ceramide-induced endothelial apoptosis rather than DNA DSB-induced clonogenic cell death has been considered to underlie the effects of hypofractionated stereotactic body radiotherapy [26] . In this way, vascular tumors could be specifically sensitive to single dose IORT.
With this biological and clinical background, it seems to be appropriate to combine a vertebroplasty or kyphoplasty with a single dose of IORT with an INTRABEAM device through the same pedicular access, leading to a vertebral stabilization and an effective vascular injury during only one surgical procedure.
In large series reported, radiation therapy has proved to be easy, safe, and effective for pain relief treatment for symptomatic vertebral hemangioma. Total doses of at least 40 Gy give the best symptomatic response [11, 13, 14, 27] . The application of radiotherapy in hemangiomas is to eliminate the abnormal veins and capillaries to reduce the size of the lesion and a known long term effect of radiotherapy is impairment of circulation by causing vascular endothelial damage [11, 25] .
Radiation is effective at controlling pathological vascular tissue but does not have a radiographically demonstrable effect on the surrounding bony tissue. In this way, radiation alone may be less effective for patients who have neurological compression due to focal bone hypertrophy. Vertebroplasty or kyphoplasty with methyl methacrylate cement has been described as an option in the treatment of vertebral hemangiomas since the late 1980s with improvements in hemostatic embolization, but also in the loadbearing capacity of the anterior column, with good clinical results [13] . In this way, kyphoplasty's trans-pedicular access represents an excellent access also for intraoperative radiation therapy. Kypho-IORT with INTRABEAM is a novel method of singlefraction radiotherapy performed during a stabilizing procedure using an X-ray source, that allows a combination of minimally invasive surgery and radiotherapy in one visit, with a minimal increase of surgery time of approximately 15 min and minimal effort with regard to radiation protection [24] . This modality combining approach is an attractive alternative, leading patients to be treated completely in just one day, during the surgical stabilization procedure, avoiding more aggressive surgical options as a laminectomy.
Conclusion
The intraoperative treatment during kyphoplasty allows the combination of surgical stabilization for neurological symptoms and radiotherapy for rapid post-irradiation vascular endothelial damage, increasing clinical efficacy with one minimally invasive treatment. Kypho-IORT seems to be a feasible procedure in the treatment of aggressive vertebral hemangiomas in terms of safety and efficacy, resulting in patient neurological symptoms' control and patient comfort. Further studies are necessary to evaluate the long-term effectiveness of this treatment.
